pinal accessory nerve (SAN) injury results in loss of motor function of the trapezius muscle and leads to weakness of the shoulder in abduction, winging of the scapula, drooping of the shoulder, and pain and stiffness in the shoulder girdle. The majority of the cases of SAN injury occur in the posterior triangle of the neck. When the SAN is transected or a nonrecovering neuro main-continuity is observed, the standard treatment would include a primary end-to-end or graft repair.
S
pinal accessory nerve (SAN) injury results in loss of motor function of the trapezius muscle and leads to weakness of the shoulder in abduction, winging of the scapula, drooping of the shoulder, and pain and stiffness in the shoulder girdle. The majority of the cases of SAN injury occur in the posterior triangle of the neck. When the SAN is transected or a nonrecovering neuro main-continuity is observed, the standard treatment would include a primary end-to-end or graft repair. 2 Nerve transfers may be considered, especially in cases of proximal injury or delayed presentation. In this paper we present 2 patients with long-standing SAN injury in whom a lateral pectoral nerve (LPN) was transferred to the SAN successfully.
illustrative cases
After obtaining institutional review board approval, a retrospective review of 2 cases with LPN transfer to the SAN was performed.
case 1
A 51-year-old man was referred for bilateral SAN lesions lasting 8 months. He underwent treatment for a Grade 3 squamous cell carcinoma of the left tongue after prior resection, chemotherapy, and radiation therapy. The left SAN was intentionally transected due to the proximity of the cancer to it. The right SAN was identified, mobilized, and preserved as part of the lymph node dissection. Postoperatively, the patient experienced severely impaired active shoulder motion bilaterally, with shoulder pain. On physical examination, the patient showed bilateral trapezius muscle atrophy and moderate left scapula winging. Left arm abduction was limited to approximately 45° and his right arm presented with a full arc of motion (Fig. 1A) . Electrophysiological studies showed evidence of SAN neuropathy on the left greater than on the right, distal to the innervation of the sternocleidomastoid (SCM) muscle.
case 2
A 22-year-old woman came for evaluation of her left SAN lesion. Two years previously the patient had experienced daily headaches and was found to have papilledema. She was diagnosed with occlusion of the right transverse sinus and left jugular vein and was treated with balloon angioplasty of both lesions. One year later, she noted some difficulty lifting her left arm and shoulder, with little pain. considered a styloidectomy, the final decision made was to avoid another surgery. Ten months after the onset of the arm weakness, the patient presented to our clinic. On physical examination, she was found to have left scapular winging and arm abduction limited to approximately 70°. Electrophysiological studies showed a severe and complete proximal left SAN neuropathy without evidence of reinnervation of the trapezius and SCM muscles.
Surgical technique
The same technique was used in both patients ( (Fig. 3) . Subplatysmal flaps were created. The distal SAN was identified along the medial border of the trapezius muscle and was traced proximally toward its distal stump and then mobilized distally. The upper trunk, its anterior and posterior divisions, and the suprascapular nerve were then identified and mobilized. The clavicle was mobilized in umbilical tape and was retracted caudally. The LPN coming from the anterior division was identified and stimulated. The LPN was dissected distally in the retroclavicular space. This nerve stimulated the clavicular portion of the pectoralis major muscle. The LPN was transected distally and was swung upward to coapt directly to the SAN distal stump. A favorable size match for the transfer was found (the LPN had a comparable diameter to the SAN; Figs. 1E and 2F). Nerve repair was performed without tension, using a standard microsurgical technique.
Postoperatively the arm was maintained in a sling for 3 weeks. At that time, the patients started a physical therapy program that emphasized passive and active shoulder motion and strengthening exercises. Three to 6 months after surgery, when there was evidence of early reinnervation, the rehabilitation program included standard protocols after nerve transfers, 6 which emphasized motor reeducation (i.e., how to recruit the newly reinnervated muscle) and restoration of muscle balance.
results case 1
Follow-up of this patient was conducted 5 months and 6 years after surgery (Fig. 1B) . After 5 months electrophysiological studies showed chronic bilateral accessory neuropathies with evidence of ongoing reinnervation and clear improvement compared with the prior study. Some trapezius muscle bulk was present. The patient had no shoulder pain. After 6 years the patient had regained useful overhead shoulder motion. Shoulder abduction was 160°. He still had some atrophy in his left trapezius muscle. He fired his pectoralis major muscle to activate his shoulder abduction. Mild left scapula winging was present. His right side improved spontaneously. 
case 2
Follow-up of this patient was conducted at 6 months and 2.5 years after the reconstruction ( Fig. 2A-C) . Electrophysiological studies performed 6 months after surgery showed evidence of reinnervation and improvement from the prior study. Two and a half years after surgery the upper trapezius function was good and muscle bulk was present. She regained some function in the lower trapezius as well, although there was some atrophy. Her SCM muscle remained atrophic. She was able to abduct her arm fully without pain, although she tended to compensate to some degree. Mild winging of the scapula was still present.
Discussion
In this paper we present a novel nerve transfer using the LPN that may be considered in patients with chronic SAN injury, particularly in those in whom there are other poor prognostic factors for nerve recovery: prior radiation treatment in the first patient, and a proximal level injury in the second one. A second potential indication would be for patients with previous extensive neck injury/dissection in whom a proximal accessory nerve could be difficult to identify. Other nerve transfers have been described previously. One patient was treated using the medial pectoral branches through an infraclavicular approach combined with a supraclavicular incision. 7 A second patient was treated using a fascicle from the C-7 middle trunk 5 through a supraclavicular approach.
Our approach using the LPN is based on anatomical studies, 1, 4 which showed that the pectoral nerves arise from the divisions in the retroclavicular space rather than at the cord level. Thus, we were able to complete the entire procedure through a straightforward supraclavicular approach. We believe this approach has 3 main advantages compared with these other reported techniques: 1) the single incision for the LPN and SAN dissection avoids a separate infraclavicular incision and dissection, yet still allows a direct nerve repair without nerve graft; 2) the LPN (the superior pectoral branch, according to the description by Aszmann et al. 1 ) has more myelinated nerve fibers (2637 ± 839) than the medial pectoral branch (1784 ± 445); in comparison, the C-7 pectoral branch contribution has 1455 ± 191 myelinated fibers 1 and the SAN 1300; 8 and 3) use of the LPN in this fashion allows adequate length for the nerve transfer without interfascicular dissection to identify or mobilize a C-7 fascicle. In fact, additional length of the LPN donor could be easily obtained through the same skin incision by working below the clavicle as necessary: dividing the subclavius muscle, mobilizing the clavicle cephalad, and dissecting the LPN branch distally as necessary. In our 2 patients with chronic injury as well as prior radiation exposure or a proximal lesion, a nerve transfer performed in normal tissue planes appeared preferable to lengthier nerve grafting through previous scarring.
Secondary reconstruction using tendon transfers has also been described. This can be considered as a salvage procedure when trapezius muscle reinnervation is not pos- sible (SAN long-term injuries) or if a nerve procedure has failed. The Eden-Lange procedure to reconstruct the trapezius, described by Eden and verified by Lange in the first half of the 20th century, entails transfer of the levator scapulae to the spine of the scapula, and the rhomboid minor and major to the midbody of the scapula. Recently a variation of this procedure has been reported with some improvement in outcomes. 3 In general, these tendon transfers have more morbidity and require more rehabilitation than our described nerve transfer.
The nerve transfer we describe does not target the SCM muscle as it is performed distal to the SCM nerve branch. We believe that the distal nerve transfer is advantageous in accelerating the muscle reinnervation, especially in longterm SAN injuries. Restoring function of the SCM muscle is not a priority (it should be noted that this muscle is frequently resected or divided without major consequence). After our nerve transfer, patients had to readapt and learn to activate the trapezius (by contracting the pectoralis major) to achieve shoulder abduction, in addition to suprascapular and deltoid muscle. The patients were able to learn this readily. The nerve transfer improved scapular stability (range of motion and winging) and decreased pain. This paper describes LPN transfer to the SAN through a supraclavicular approach, and we believe that this technique can be considered in select cases of chronic SAN injury.
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